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Supplementary Figure 1. The GEDI biosensor acutely detects neuronal death and its
fluorescence is dependent on extracellular Ca**

A) The GFP morphology (top) and RGEDI signal (bottom) from a time course of a rat cortical
primary neurons transfected with hSyn1:RGEDI-P2a-EGFP in PBS immediately after exposure
(0 seconds), or 30 seconds, 1 minute, 5 minutes, and 10 minutes after exposure to NaNs. B)
Quantification of the RGEDI/EGFP ratio during time courses of neurons treated with NaCl
(control, blue circles, n=6), NaN3 (green triangles, n=16), or NaN3 in calcium free PBS after two
washes (red squares n=11). ANOVA Tukey multiple comparisons ***= p<0.001, ****=
p<0.0001. Scale = 50um. Line represents non-linear fit using plateau followed by one phase
association least squares fit (Prism 8) of NaN3 with Ca?*, R?=0.53, 1= 5.8 minutes. NaCl and
NaN3 in calcium free PBS time courses could not be fit with the same equation. Error bars show

SE.
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Supplementary Figure 2. GEDI signal correlates with and often precedes other cell death
indicators

A) Rat primary cortical neurons transfected hSyn1:RGEDI-P2a-EGFP and an N-terminal exon 1
fragment of a disease-associated version of the Huntingtin protein (pGW1:HTTex1Q97) then
fixed and TUNEL stained. TUNEL staining was curated manually due to difficulty of automated
quantification. Examples of neurons classified as live by GEDI signal and TUNEL-negative
(top), dead by GEDI signal and TUNEL-positive (middle), or dead by GEDI signal and TUNEL-
positive (bottom) are shown. Scale= 50um. B) Quantification of RGEDI to EGFP ratio and
classification of TUNEL-positive or TUNEL-negative by curation are shown. No live neurons
were found to be TUNEL positive. C) Mouse primary cortical neurons were transfected with
hSyn1:RGEDI-P2a-EGFP (left), or hSyn1:EGFP (middle and right). At 3 days in vitro (DIV),
cells were treated with neural basal media (left), EthD1 (middle), or PI (right). At 6 DIV, a
pretreatment image was taken (Pre), cells were exposed to 90 seconds of UV light to induce cell
death, and a 0 hours image was taken, followed by additional images were taken every 3 hours.
The right panel for each condition represents the first time point at which a corresponding death
signal can be seen after the initial time point. Scale = 50um. Experiment was repeated on at least
15 neurons with similar results. D) A trained human curator was shown a time series of EGFP
images, and scored at what time point a neuron appeared dead by morphology. A negative time
of death delay vs curation means the indicator signal preceded human curation. Bars represent
mean, error bars represent SD, GEDI n=21, PI n=15, EthD1 n=35. Kruskal-Wallis ** p<0.01,

8% 5<0.0001.
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Supplementary Figure 3. GEDI signal precedes Caspase3/7 apoptotic pathway signal
indicators. A) Time course of GC150-P2a-mApple GEDI signal and Caspase 3/7 blue signal
after induction of apoptosis with 100mM H>0O,. Scale = 25 um. B) Quantification of time coarse
of Caspase signal from 10 neurons over 720 minutes after H,O» addition. C) Quantification of
GEDI ratio over 720 minutes from same 10 neurons in (B). D) Comparison of the median onset

dynamics of GEDI signal and Caspase3/7 signal (+/- 95% confidence interval).



Hours Post Transfection

Hours Post Transfection

A 48 72
o
T
O]
L
a) a)
T} T} 2
©) ©) &
nd 0 =
w
(0]
0.3
Imaging Plate
1 e 17
2 18
3 @ 19
4 20
002 5 e 21
§ 6 22
o) 7 23
% 8 24
9 25
> 10 26
0.1 11 27
12 28
13 29
14 30
15 31
16 32
0
100 200
, Time (hours) .
E E

Hours Post Transfection

EGFP

Hours Post Transfection

0.20 =

0.15=

0.10 =

0.05 =

Supplementary Figure 4

*kkk

*kk*k

*kkk

>
>
>
>
>
>

H
%

Dead GEDI

S

ignal threshold

59,100 neurons
55.14%

GEDI ratio
C
3

'jl

304 neurons
0.28%

GEDI ratio

Time
“Dies, then drifts
to lives”

47,776 neurons
44.56%

GEDI ratio

0 neurons
0%

GEDI ratio

Time
“Dies twice”




Supplementary Figure 4. GEDI signal translates across experiments and time points and
represents a terminal death signal

A) Representative images of neurons curated as “live” expressing RGEDI-P2a-EGFP that have
RGEDI to EGFP ratio (GEDI ratio) indicating death. EGFP channel (morphology) of neuron in
(A’) at 24 hours post transfection (hpt) is difficult to classify as live or dead by eye but shows
clear fragmentation of fluorescence at the next time point (48 hpt), indicative of death.
Morphology of neuron in (A’”) at 48 hpt is difficult to classify as live or dead by eye but shows
loss of fluorescence by next time point (72hpt), indicating death. Scale =25 um. B)
Quantification of the mean GEDI ratio of live neurons and dead neurons and the mean GEDI
threshold calculated using equation (1) from 32 independent high throughput longitudinal
imaging experiments. Error bars represent range of values. ANOVA Tukey multiple
comparisons **** denotes p<0.0001. C) GEDI ratios labeled by color over time that include
94,106 tracked neurons and 1,108,764 data points, showing stable separation of live and dead
neurons across 32 experiments. D) Classification of tracked neurons based on GEDI death signal
from experiments in (A) as “lives” (no death signal found), “dies” (death signal followed by
disappearance of fluorescence), “dies then drifts to lives” (GEDI signal increases above GEDI
threshold then decreases below threshold before loss of fluorescence), or “dies twice” (GEDI
signal increases above GEDI threshold, decreases below threshold, then increases above
threshold). All neurons classified as “dies then drifts to lives” show morphological features
indicative of death and subsequent loss of fluorescence. E) Representative examples of tracking
and segmentation errors that give “Dies then drifts to lives” artifacts. In (E’), neuron 69 (labeled
with magenta numbers above and right of centroid of object) has died at 72 hpt (top) and

fluorescence disappears by 96 hpt (bottom), but neuron 68 moves into the vacated position,



resulting in mislabeling of neuron 68 as neuron 69 at 72hpt. In (E’’) neuron 25 has died at 72 hpt
but its debris intersects with live neuron 30 at 96hpt, causing segmentation of both neurons as
neuron 25 with a lowered GEDI ratio. Scale =25 pm. At least 12 examples of each case in E’

and E’” were found in the dataset.
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Supplementary Figure 5. GEDI reports cell death in HEK293 cells.
A) Time coarse of HEK293 cells expressing RGEDI-P2a-EGFP before and after exposure to

NaAz and Triton-X. Scale = 25 um. B) Quantification of (A).
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Supplementary Figure 6. Higher GEDI expression can give larger separation between live
and dead GEDI ratios.

A) GEDI ratios of disease models have lower GEDI ratios in dead cells than their controls. Error
bars show SE, ANOVA Tukey multiple comparisons **** denotes p<0.0001. B) EGFP
expression in live cells from neurodegenerative disease models decreases over time compared to
controls. Mean expression of EGFP (black bar) is reduced across all timepoints in each disease
model, ANOVA Tukey multiple comparisons **** denotes p<0.0001, n’s represent individual
cells. Rate of change in EGFP expression over time (A) was derived from the slope of fit linear

regressions, showing the each disease model with decreasing (negative A) and controls with

increased (positive A) in EGFP expression over time, significantly different than controls (°°°°
denotes ANCOVA p<0.0001). C) Expression of hSyn1:RGEDI-P2a-EGFP (EGFP intensity)
within neurons plotted against their GEDI ratio showing the separation of GEDI-classified live
(green) and dead (red) neurons increases slightly with increased expression using data described
in Supplementary Table 1. Plotted lines represent linear regressions of dead neurons (top) and
live neurons (bottom) with associated equations. Outliers were removed with robust regression

and outlier removal (ROUT) in Prism using Q=1%.



A

Y
©
o
=

@
O
o

GC150

mApple

Overlay

Pre-Stimulation

Pre-Stimulation

Post-Stimulation

Post-Stimulation

1000s Post NaAz

1000s Post NaAz

Normalized AF/F

Stimulation

1
1

GC150-P2a-mApple

0.5 T T T T T T

30 60 90 120 150 180

Time (seconds)
D
Kkkk
c & I l
S 2
8 O 4= °‘1e
: —
EQ
N O 2-
I
a < 0
<
& $
& &
d Kid
N S

o"b ,§Q
©)

OO
E

AF/F GEDI ratio

30 GCaMP6f-P2a-mRuby
20
10

GC150-P2a-mApple

500 1000
Time Post NaAz Treatment (seconds)

Supplementary Figure 7



Supplementary Figure 7. GCaMP6f signal increases after field stimulation, but
GC150-P2a-mApple signal does not.

A) Time course imaging of GCaMP6f-P2a-mRuby signal before and after a 3 s, 30 Hz field
stimulation, and after NaN3 (10%) application. Scale= 25um. B) Time course imaging of
GC150-P2a-mApple signal before and after a 3 s, 30 Hz field stimulation, and after NaN3
application. Scale= 25um. C) Quantification of normalized mean AF/F from GCaMP6f-P2a-
mRuby (GCaMP6f/mRuby ratio, n=>5 coverslips, 1 neuron/coverslip) and GC150-P2a-mApple
(GC150/mApple ratio, n=6 coverslips, 1 neuron/coverslip) signal after field stimulation. Error
bars represent SEM. D) Peak stimulation change in GEDI ratio (**#** denotes p= 0.0003 by two-
tailed, unpaired T-Test). Error bars indicate +/-SEM). E) Quantification of normalized mean
GCaMP6f-P2a-mApple (GCaMP6f/mRuby ratio, n=5 coverslips, 1 neuron/coverslip) and
GC150-P2a-mApple (GC150/mApple ratio, n=6 coverslips, 1 neuron/coverslip) signal after

NaNj; application. Error bars represent SEM.
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Supplementary Figure 8. Multiplexed, high content, 4D longitudinal imaging of zebrafish
larvae. A) A representative plate of 84 live Tg:1097-Gal4; UAS:NTR-mCherry, 72 hpf zebrafish
larvae immobilized in a single imaging plate imaged together, one larva per well, and montaged
into a single image. Scale = 6mm. B) Representative imaging resolution of peripheral neuron
somas (asterisks), axonal tract (arrowhead), and their neurites (arrow) within a single imaged z
slice in the spinal cord of a larva from (A), demonstrating high content imaging and resolution.
Scale = 20um. C) Max projections of longitudinal time lapse two-color overlaid imaging of a
single mnx1-Gal4;UAS-NTR-mCherry;UAS-GCaMP7 transgenic 72 hpf immobilized larvae at
0, 24, 48, 72, and 96 after immobilization. NTR-mCherry is in red and GCaMP7 is in green.
Scale bar = 400 um. D) 3D reconstruction of larvae at 48 hours after immobilization with

corresponding zoom (left) at 0°, 45°, and 90° rotation along the y axis. Scale bar = 400 pm.
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Supplementary Figure 9. Acute detection of death in live zebrafish using GCaMP7

A) in toto confocal imaging of UAS:EGFP labeled MNs within live, 72 hpf, immobilized
zebrafish larvae beginning at 0, 24 or 48 hours after DMSO (left) or 10 uM MTZ exposure
(right). Yellow arrow and asterisk indicate developing and intact motor axons and somas
respectively, red arrow and asterisk indicate degenerating motor axons, and somas respectively.
Scale = 100pum. B) Zoom-in of MNs from (A) exposed to DMSO (top) or MTZ (bottom). Scale
= 100pm. C) Quantification of % change of motor axon area per fish after treatment with DMSO
(n=7) or MTZ (n=15) (ns, not significant; **** two-tailed T Test p<0.0001). D) Traces of touch-
evoked swimming behavior from 96hpf larvae after 24 hours of DMSO or 10 uyM MTZ
treatment. Each fish swimming trace is labeled with a different color and a dot per second. E)
Quantification of average velocity of 96hpf larvae touch evoked swimming at 1 hours and 24
hours (n= 358)(F) after DMSO (n=438) or 10 uM MTZ treatment (n=312), or untreated larvae
expressing UAS:BoTx-EGFP in MNs (n=301) (one-sided Kruskal-Wallis test, ns= not
significant; **** p<0.0001). G) Magnification of MNs from in tofo confocal imaging of
transgenic UAS:NTR-mCherry;UAS:GCaMP7 live immobilized larvae at 0, 24 or 48 hours after
DMSO or (H) 10uM MTZ exposure showing increase in GCaMP7 signal in MTZ treated
neurons. Scale = 100um. I) Quantification of mean GCaMP/ mCherry ratio per fish from (F) for
DMSO (at 0, 24, 48, 72 hours post treatment n = 6, 6, 5, 2) and MTZ treatments (at 0, 24, 48, 72
hours post treatment n =9, 8, 8, 7) (ns, not significant; ANOVA Sidak’s, **** p<0.0001, **

p<0.01). Error bars represent SEM.
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Supplementary Figure 10. GCaMP activity correlates with PhiPhiLux signal in NTR-
ablated MNs. Characterization of death signal associated with zebrafish larval MNs after 24
hours of chemoablation. A) mnx1-Gal4; UAS:NTR-mCherry; show increased PhiPhiLux G1D2
Caspase 3 staining after 24 hours in 10uM MTZ. B) mnx1-Gal4; UAS:NTR-mCherry; do not
show increased PhiPhiLux G1D2 Caspase 3 staining after 24 hours in DMSO. Scale bar = 10um.
C) Quantification of green fluorescence channel of transgenic mnx/-Gal4; UAS:NTR-mCherry
larvae exposed to 10uM MTZ (from A) or DMSO (from B) at 0 and 24 hours post treatment
(MTZ 0 hours n= 17, 24 hours n=20, DMSO 0 hours n=18, 24 hours n=17). PhiPhiLux stain was
applied at 24 hours (ANOV A Tukey multiple comparisons **** denotes p<0.0001). Black line

represents mean, error bars represent SD.
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Supplementary Figure 11. Tricaine inhibits activity-related GCaMP activity in zebrafish
larvae MNs. A) GCaMP6f fluorescence as an indicator of Ca?* levels over time in zebrafish
MNss expressing NTR-mCherry and GCaMP7 immobilized in tricaine. Similar results were
found in experiments across at least three different fish. B) Fluorescence traces of GCaMP7
fluorescence over time from MNs when zebrafish is immobilized in tricaine. Scale = 50um. C)
GCaMP6f fluorescence as an indicator of Ca** levels over time in zebrafish MNs expressing
NTR-mCherry and GCaMP7 immobilized in BTS. Scale = 50um. Similar results were found in
experiments across at least three different fish. D) Fluorescence traces of GCaMP7 fluorescence
when zebrafish is immobilized in BTS. E) Fluorescence traces of GCaMP7 fluorescence when
zebrafish is immobilized in BTS and AcOH is added at 0 seconds. F) Fluorescence traces of
GC150 when zebrafish is immobilized in BTS and AcOH is added at 0 seconds. G)
Quantification of mean fluorescence by area under the curve of traces of neurons in (B—F). A
baseline of the first 5 frames were used as a baseline and peaks less than 50% of the distance
from minimum to maximum were ignored. ANOV A Tukey multiple comparisons **** denotes
p<0.0001, *** denotes p<0.001. Error bars represent SEM per neuron, n values represent

measurements from individual cells acquired from across at least three independent animals.
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Supplementary Figure 12. Death-associated increase in GCaMP signal after MTZ exposure
requires NTR expression and is independent of tricaine.

A) (Top) mnx1-Gal4;UAS:GCaMP7 larvae exposed to 10uM MTZ do not show increased
GCaMP7 signal after 24 hours. (Bottom) Fully immotile mnx/-Gal4;UAS:GCaMP7; UAS:NTR-
mCherry; cacnbi-/- larvae show increased GCaMP7 signal after 24 hours in 10uM MTZ. B)
Quantification of GCaMP7 fluorescence in Gal4-mnx1;UAS:GCaMP7 larvae at 0 (n=10) and 24
hours (n=12) post 10uM MTZ treatment (ns = not significant) showing no increase in GCaMP7
signal after exposure to MTZ without NTR expression. Line represents mean, error bars
represent SD. Two-tailed Mann-Whitney, ns denotes not significant. C) GCaMP7/mCherry ratio
of mnx1-Gal4;UAS:GCaMP7; UAS:NTR-mCherry; cacnbi-/- larvae at 0 (n=27) and 24 hours
(n=18) post 10uM MTZ treatment. Larvae were not exposed to tricaine, two-tailed Mann-
Whitney **** denotes p<0.0001. Scale bar = 10um. Line represents mean, error bars represent

SD.



Supplementary Table 1. Longitudinal time lapse imaging experiments with rodent
primary neurons expressing GEDI

Plate | ¥ Neurons _ . Mean . .
4 _across Co-transfection/Treatment | Time interval | Time points
timepoints (hours)
1 20434 Glutamate 17 13
2 93388 Glutamate 20 15
3 47070 Glutamate 22 9
4 15784 | Do uexiazsmoerioan 21 8
5 52338 |  pGwiiitbxiazsmCenloan 24 !
6 | 38744 | Doliiuexiazsmoeniean 24 !
7| 44790 | Boliiuexiazsmoeniean 24 !
8 46556 |  CGwititexiQzs-mCenloan 24 !
9 42374 | CGwiiiexiazsmOenoan 22 !
10 | 39968 | DoWiiniucxiazsmoerdean 22 !
1| 24158 | BoliiiuexazsmOerdean 22 !
12 | 41522 DG HiEX125 mCeruioan 22 !
13 9430 DG HiEX1Q25 mCeruioan 17 o
14 | 7174 | PSMIHECGTmCenin 24 6
15 | 19744 | BoWriuexazsmOerdean 22 >
16 7662 DWW HiEX125 mCeruioan 24 6
17 9468 DG HiEX125 mCeruioan 24 !
18 | 57000 | Poiiiiexazsmoenioan 27 !
19 | 52810 | Powiiiexazsmoenioan 27 !
20 | 44268 | DoiinExiQ2s moeriean 24 !
21 | 56146 | DGwiiinExiQ2smoeriean 27 6
22 | 20850 | PewriiExiQzsmoeriean 24 !
23 | 15268 e onsynomply 24 !
24 | 14888 ohSynemply 24 !
25 | 19356 |  DowiiinExiQzsmoeriean 27 >
26 17488 pGW1:HttEx1Q97-mCerulean 24 7

pGW1:HttEx1Q25-mCerulean
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pGW1:HttEx1Q97-mCerulean

27 17300 pGW1:HttEx1Q25-mCerulean 27 !
28 | 30094 | [oWAiiiExiQzs.moerean 13 15
20 | 58674 | [GwiiExiQzs.moerean 22 !
30 | 44426 | DGWiiexiqzsmoenoan 24 !
31| 41012 | PE exazs menean 24 !
32 | 49580 | BGwiiiExiQrmOenoan 24 !
Totals | 1108764 241
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Supplementary Table 2. Zebrafish lines used in study

Figure (s) Transgenic Mutation/Background
Figure 6 neuroD:GC150-P2a-mApple roy-/-; nacre-/-; (aka casper)’
Figure 6 transient roy-/-; nacre-/-; (aka casper)’
Figure 5 G-I, ) 54, . } 4.
Supplementary Figure 5 mnx.GaItASL.Jé%NI\'I/'Ii;;Cherry ! Leopard-/-3;
Supplementary Figure 7 oba
. mnx:Gal4>*; UAS:mCherry?;
F A- ’ ’ L /-3
igure 5 A-C UAS:EGEP eopard-/
Figure 5 D-F mnx:Gal4>%; UAS:BoTx-CFP® AB
Suppﬂ%“gﬁtgre]:ﬁéur% mnx:Gal45%; UAS:NTR-mCherry® AB
. 54.
Supplementary Figure 6 mnx:Gal4™; Leopard-/-3

UAS:GCaMP7?

Supplementary Figure 5
Supplementary Figure 6

mnx:Gal4>*; UAS:NTR-mCherry?;
UAS:GCaMP72

cacn1b-/- (aka relaxed, (mi*®)?, (ts%°)")

Supplementary Figure 5

1097:Gal4®; UAS:EGFP

Leopard-/-®
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Supplementary Table 3. Expression Constructs used in study.

Species Cell Type s
Construct Ex;ression Expression Citation
hSyn1:RGEDI-P2a-EGFP Mammalian Neuron This study
pGW1:RGEDI-P2a-EGFP Mammalian Ubiquitous This study
hSyn EESEIZP%- Mammalian Neuron This study
hSynf ::,’IT(CB;EFE)I'PZ& Mammalian Neuron This study
hSynf :%CSUI\EI“F;Bf-PZa- Mammalian Neuron 9
hSyn1r:nC'5A(;:)|5€0-P2a- Mammalian Neuron This study
hSynf :ERgleIIDI)r:Ir!S-PZa- Mammalian Neuron This study
hSyn 1%?6\%:)?3;';"P23' Mammalian Neuron This study
pGVr\gC:l;:EEI;;SW' Mammalian Ubiquitous 10
pGVr\gC:'(_a':tuEI;;r?%- Mammalian Ubiquitous 10
pCAGGS:a-synuclein Mammalian Ubiquitous 11
phSyn1:empty Mammalian Neuron This study
phSyn1:TDP43 Mammalian Neuron This study
neuroD: RGEDI-P2a-
EGFP-polyA- Zebrafish Neuron This study
pDestTol2pA
neuroD: GC150-P2a-
mApple-polyA- Zebrafish Neuron This study
pDestTol2pA
neuro;)al;l;l’ﬁ_—cﬁggx)olyk Zebrafish Neuron This study
mnx1: GC150-P2a- Motor
mApple-polyA- Zebrafish euron This study
pDestTol2pA
mnx1: GCaMP6f-P2a- Motor
mRuby-polyA- Zebrafish neuron This study
pDestTol2pA
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